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1
(Neto, Guinea, Peres, Novoselov and Geim[4]),
$G=(V(G), E(G))$ $V(G)$ $E(G)$
$E(G)$ $e$ $u,$ $v\in V(G)$ $(u\sim v$ $)$
$G$ ( ), (
$)$ $v$ $N_{v}(G)=\{u\in V(G);u\sim v\}$ $v$ $\deg v=\# N_{v}(G)$
$G$ : $0<\deg v<\infty$ . $G$
$\Delta_{di\epsilon c}^{G}$
$\hat{f}$ : $V(G)arrow \mathbb{C}$ :
$\Delta_{disc}^{G}f(v)=\frac{l}{\deg v}\sum_{u\in N_{v}(G)}f(u)-\hat{f}(v), v\in V(G)$ . (1)
$-\Delta_{d1sc}^{G}$ $l^{2}(G)= \{f :V(G)arrow \mathbb{C};\Vert\hat{f}\Vert_{l^{2}(G)}^{2}=\sum_{v\inV(G)}|\hat{f}(v)|^{2}\deg v<\infty\}$






$\hat{q}\hat{f}(v)=\hat{q}(v)\hat{f}(v), v\in V(G)$ . (3)
$\hat{H}$ Ho $\hat{q}$ :
$\hat{H}=\hat{H}_{0}+\hat{q}$ . (4)
:












$S= \int_{-3}^{3}\oplus S(\lambda)d\lambda$ . (8)
$A(\lambda)$ :
$S(\lambda)=1-2\pi iA(\lambda)$ . (9)
1.1 ( $A$ . [2], 2012). $v\in V(G)$ $\hat{q}(v)=0$










$E(G)=\{[m, n];m, n\in \mathbb{Z}^{2}, n_{1}=m_{1}+1, m_{2}=n_{2}\}$
$\cup\{[m, n];m, n\in \mathbb{Z}^{2}, m_{1}=n_{1}, m_{2}\in 2\mathbb{Z}+1, n_{2}=m_{2}+1\}$ (11)
$\cup\{[m, n];m, n\in \mathbb{Z}^{2}, m_{1}=n_{1}, m_{2}\in 2\mathbb{Z}, n_{2}=m_{2}+1\}.$
$m,$ $n\in \mathbb{Z}^{2}$ $[m, n]$ 3
$l^{2}(G)$ $\Vert f\Vert_{l^{2}(G)}^{2}=3\sum_{m\in \mathbb{Z}^{2}}|f(m)|^{2}$ $\mathbb{Z}^{2}$ $l^{2}$-
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2 $\vec{e}_{1},\vec{e}_{2}$ $\mathbb{Z}^{2}$
$\mathbb{Z}^{2}$ : $\mathbb{Z}^{2}=\mathbb{Z}_{e}^{2}\cup \mathbb{Z}_{o}^{2}$ . $\mathbb{Z}_{e}^{2}$ $\mathbb{Z}_{o}^{2}$ 2.1
:
$\mathbb{Z}_{e}^{2}=\{(n_{1}, n_{2});n_{1}+n_{2}\in 2\mathbb{Z}\}$ , (12)
$\mathbb{Z}_{o}^{2}=\{(n_{1}, n_{2});n_{1}+n_{2}-1\in 2\mathbb{Z}\}$. (13)
$\mathbb{Z}_{e}^{2}$ $\mathbb{Z}_{o}^{2}$ $\vec{e}_{1}=(1,1)$ $\vec{e}_{2}=(-1,1)$ $\mathbb{Z}^{2}$
:
$\mathbb{Z}_{e}^{2}\ni(n_{1}, n_{2})\mapsto(m_{1}, m_{2})\in \mathbb{Z}^{2}, n_{1}=m_{1}-m_{2}, n_{2}=m_{1}+m_{2}$, (14)
$\mathbb{Z}_{\circ}^{2}\ni(n_{1}, n_{2})\mapsto(m_{1}, m_{2})\in \mathbb{Z}^{2},n_{1}=m_{1}-m_{2}, n_{2}=1+m_{1}+m_{2}$ . (15)
$\mathbb{Z}_{e}^{2}$ $\mathbb{Z}_{o}^{2}$
$J$ : $l^{2}(\mathbb{Z}^{2})\oplus l^{2}(\mathbb{Z}^{2})arrow l^{2}(G)$ :
$\mathcal{J}:l^{2}(\mathbb{Z}^{2})\oplus l^{2}(\mathbb{Z}^{2})\ni\hat{f}=(\hat{f}_{1},\hat{f}_{2})\mapsto\hat{g}\in l^{2}(G)$ , (16)
$\hat{g}(n_{1}, n_{2})=(\mathcal{J}\hat{f})(n_{1}, n_{2})=\{\begin{array}{l}\frac{1}{\sqrt{3}}\hat{f}_{1}(m_{1}, m_{2}) , if (n_{1}, n_{2})\in \mathbb{Z}_{e}^{2},\frac{1}{\sqrt{3}}\hat{f}_{2}(m_{1}, m_{2}) , if (n_{1}, n_{2})\in \mathbb{Z}_{o}^{2}.\end{array}$ (17)
$(m_{1}, m_{2})$ (14) (15) $\sqrt{3}$
$l^{2}(G)$
$(n_{1}, n_{2})\in \mathbb{Z}_{e}^{2}$ $(n_{1}\pm 1, n_{2}),$ $(n_{1}, n_{2}+1)$ $(n_{1}, n_{2})\in \mathbb{Z}_{o}^{2}$ $(n_{1}\pm 1, n_{2})$ ,
$n_{1},$ $n_{2}-1)$ $\hat{H}_{0}$ : $\hat{g}\in l^{2}(G)$
$(\hat{H}_{0}\hat{g})(n_{1}, n_{2})=\{\begin{array}{l}\hat{g}(n_{1}, n_{2}+1)+\hat{g}(n_{1}-1, n_{2})+\hat{g}(n_{1}+1, n_{2}) , if (n_{1}, n_{2})\in \mathbb{Z}_{e}^{2},\hat{g}(n_{1}, n_{2}-1)+\hat{g}(n_{1}-1, n_{2})+\hat{g}(n_{1}+1, n_{2}) , if (n_{1}, n_{2})\in \mathbb{Z}_{o}^{2}.\end{array}$ (18)
$\mathcal{J}$
$\hat{H}_{0}$ Ct $l^{2}(\mathbb{Z}^{2})\oplus l^{2}(\mathbb{Z}^{2})$ : $\hat{f}=(\hat{f}_{1},\hat{f}_{2})\in$
$l^{2}(\mathbb{Z}^{2})\oplus l^{2}(\mathbb{Z}^{2})$
$(\mathcal{J}^{*}\hat{H}_{0}\mathcal{J}\hat{f})_{1}(m_{1}, m_{2})=\hat{f}_{2}(m_{1}, m_{2})+\hat{f}_{2}(m_{1}-1, m_{2})+\hat{f}_{2}(m_{1}, m_{2}-1)$ , (19)
$(\mathcal{J}^{*}\hat{H}_{0}\mathcal{J}\hat{f})_{2}(m_{1}, m_{2})=\hat{f}_{1}(m_{1}, m_{2})+\hat{f}_{1}(m_{1}+1, m_{2})+\hat{f}_{1}(m_{1}, m_{2}+1)$ . (20)
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:$\iota^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})=\{f=((_{\hat{f}_{2}(m)}^{\hat{f}_{1}(m)}))_{m\in \mathbb{Z}^{2}};\Vert f\Vert_{l^{2}(Z^{2};\mathbb{C}^{2})}^{2}=\sum_{m\in \mathbb{Z}^{2}}(|\hat{f}_{1}(m)|^{2}+|\hat{f}_{2}(m)|^{2})<\infty\}$ . (21)
$l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ $l^{2}(\mathbb{Z}^{2})\oplus l^{2}(\mathbb{Z}^{2})$ $\mathcal{I}$ :









$L^{2}( \mathbb{T}^{2};\mathbb{C}^{2})=\{f(\xi)=(\begin{array}{l}f_{1}(\xi)f_{2}(\xi)\end{array});\Vert f\Vert_{L^{2}(T^{2};\mathbb{C}^{2})}^{2}=\int_{T^{2}}(|f_{1}(\xi)|^{2}+|f_{2}(\xi)|^{2})d\xi<\infty\}$ (24)
$\mathcal{F}:l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})arrow L^{2}(T^{2};\mathbb{C}^{2})$ :
$\mathcal{F}f(\xi)=(_{\frac{}{}}^{\sum_{n\in \mathbb{Z}^{2}}\hat{f}_{1}(n)e^{in\xi}}n\in\sum^{\frac{1}{2\pi 2\pi 1}}\mathbb{Z}^{2}\hat{f}_{2}(n)e^{in\xi}), f=((_{\hat{f}_{2}(n)}^{\hat{f}_{1}(n)}))_{n\in \mathbb{Z}^{2}}\in l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$. (25)
$\mathcal{F}$ $\mathcal{F}$ $\mathcal{F}^{*}:L^{2}(\mathbb{T}^{2};\mathbb{C}^{2})arrow l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$
$H_{0}=\mathcal{F}\hat{H}_{0}\mathcal{F}^{*}$ $H_{0}$ $L^{2}(T^{2};\mathbb{C}^{2})$ $2\cross 2$ :
$(H_{0}f)(\xi)=H_{0}(\xi)f(\xi), f=(_{f_{2}(\xi)}^{f_{1}(\xi)})\in L^{2}(\mathbb{T}^{2};\mathbb{C}^{2})$ . (26)
$H_{0}(\xi)=(\begin{array}{ll}0 \alpha(\xi)\overline{\alpha}(\xi) 0\end{array})$ , (27)
$\alpha(\xi)=1+e^{i\xi_{1}}+e^{i\xi_{2}}, \overline{\alpha}(\xi)=\overline{\alpha(\xi)}, \xi=(\xi_{1}, \xi_{2})\in \mathbb{T}^{2}$, (28)
$U(\xi)$ $L^{2}(T^{2};\mathbb{C}^{2})$ $\mathcal{U}$ :
$( \mathcal{U}f)(\xi)=U(\xi)f(\xi), U(\xi)=\frac{1}{\sqrt{2}}(_{1}^{1} -\alpha\alpha((\xi\xi))/|/|\alpha\alpha((\xi\xi)|)|)$ . (29)
$U(\xi)$ $H_{0}(\xi)$ $\tilde{H}_{0}=\mathcal{U}H_{0}\mathcal{U}^{*}$ $\tilde{H}_{0}$ $2\cross 2$
:
$(H_{0}f)(\xi)=\tilde{H}_{0}(\xi)f(\xi), f=(\begin{array}{l}f_{1}(\xi)f_{2}(\xi)\end{array})\in L^{2}(\mathbb{T}^{2};\mathbb{C}^{2})$ . (30)
53
$\ovalbox{\tt\small REJECT}_{0}(\xi)=U(\xi)H_{0}(\xi)U(\xi)^{*}=(\begin{array}{ll}p(\xi) 00 -p(\xi)\end{array})$ , (31)
$p(\xi)=|\alpha(\xi)|=\sqrt{3+2\cos\xi_{1}+2\cos\xi_{2}+2\cos(\xi_{1}-\xi_{2})}$ , (32)
$\xi_{0,j},$ $j=1,2$ :
$\xi_{0,1}=(\frac{2\pi}{3}, -\frac{2\pi}{3}), \xi_{0,2}=(-\frac{2\pi}{3}, \frac{2\pi}{3})\in T^{2}$. (33)
$p(\xi)$
2.1. $p(\xi)$ $T^{2}$ $0$ 3 :
1. $p(\xi)=0\Leftrightarrow\xi=\xi_{0,1}$ $\xi_{0,2}.$
2. $p(\xi)=3\Leftrightarrow\xi=(0,0)$ .
8 $p(\xi)$ $T^{2}\backslash \{\xi_{0,1}, \xi_{0,2}\}$
$\tilde{H}_{0}$ diag $(p(\xi), -p(\xi))$ 1.1
$l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ $\hat{q}$ 4 $2\cross 2$ $q(n)$
:
$(\hat{q}f)(n)=(\begin{array}{ll}\hat{q}_{1}(n) 00 \hat{q}_{2}(n)\end{array})(_{\hat{f}_{2}(n)}^{\hat{f}_{1}(n)}),\hat{f}=((_{\hat{f}_{2}(n)}^{\hat{f}_{1}(n)}))_{n\in Z^{2}}\in l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ . (34)
$q$ $\tilde{q}$ :
$q=\mathcal{F}\hat{q}\mathcal{F}^{\cdot},\tilde{q}=u_{q\mathcal{U}^{*}}$ . (35)
$q$ $\tilde{q}$ $L^{2}(T^{2};\mathbb{C}^{2})$ :
$(qf)( \xi)=\frac{1}{2\pi}(\int_{T^{2}}^{2}q_{2}(\xi-\zeta)f_{2}(\xi)d\zeta), f(\xi)=(\begin{array}{l}f_{1}(\xi)f_{2}(\xi)\end{array})\in L^{2}(T^{2};\mathbb{C}^{2})$ , (36)
$(\tilde{q}f)(\xi)=(\begin{array}{l}(\tilde{q}f)_{l}(\xi)(\tilde{q}f)_{2}(\xi)\end{array}) f=(\begin{array}{l}f_{1}(\xi)f_{2}(\xi)\end{array})\in L^{2}(T^{2};\mathbb{C}^{2})$ . (37)
:












$\mathcal{H}^{s},$ $s\in \mathbb{R}$, :
$\mathcal{H}^{S}=\{f\in \mathcal{D}’(\mathbb{T}^{2};\mathbb{C}^{2});\Vert f\Vert_{s}^{2}=\Vert(1-\Delta)^{s/2}J_{1}\Vert_{L^{2}(T^{2})}^{2}+\Vert(1-\Delta)^{s/2}f_{2}\Vert_{L^{2}(T^{2})}^{2}<\infty\}$ . (43)
$\mathcal{D}’(T^{2};\mathbb{C}^{2})=$ { $T^{2}$ $\mathbb{C}^{2}$- }, $-\Delta=\neg_{1}\partial\xi\partial^{2}\partial^{2}+_{\neg_{2}}\partial\xi$ $\mathbb{T}^{2}$
$\hat{\mathcal{H}}^{S}=\mathcal{F}^{*}\mathcal{H}^{s}$ (44)
$\mathcal{H}=\mathcal{H}^{0}=L^{2}(T^{2};\mathbb{C}^{2}).\hat{\mathcal{H}}=\hat{\mathcal{H}}^{0}=l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ Parseval $\mathcal{H}^{s}$
2.2. $f\in \mathcal{H}^{s}$ $\sum_{n\in \mathbb{Z}^{2}}(1+|n|^{2})^{s}\Vert f(n)\Vert_{\mathbb{C}^{2}}^{2}=\sum_{n\in \mathbb{Z}^{2}}(|\hat{f}_{1}(n)|^{2}+|\hat{f}_{2}(n)|^{2})<\infty$
$f=\mathcal{F}\hat{f}$
Mourre $\mathcal{D}’(\mathbb{T}^{2};\mathbb{C}^{2})$ $A$ :
$A=i(\begin{array}{ll}\nabla p\cdot\nabla+\nabla\cdot\nabla p 00 -(\nabla p\cdot\nabla+\nabla\cdot\nabla p)\end{array})$ . (45)
$p(\xi)$ (32) $T^{2}$ $\tilde{H}_{0}$ $A$
:
$i[\tilde{H}_{0}, A]=2|\nabla p(\xi)|^{2}I_{2}$ . (46)
$I_{2}$ $2\cross 2$ $\nabla p(\xi)=0$ $\mathbb{T}^{2}$ :
$\{\xi\in T^{2};\nabla p(\xi)=0\}=\{(0,0), (0, -\pi), (-\pi, 0), (-\pi, -\pi)\}$. (47)
$p(\xi)=1$ $\mathbb{T}^{2}$ :
$\{\xi\in \mathbb{T}^{2};p(\xi)=1\}=\{\xi=(\xi_{1}, \xi_{2})\in \mathbb{T}^{2_{;\xi_{1}}}=-\pi$ $\xi$2 $=-\pi$ $\xi$2 $=\xi_{1}\pm\pi\}$ . (48)
(47) (48) (48) (47)
$p(\xi)$ $M_{E}$ :
$M_{E}=\{\xi\in T^{2};p(\xi)=E\}$ . (49)
3 $p(\xi)$ 3 $M_{E}$
2.1 (47), (48) :
2.3. $E\in(0,3)\backslash \{1\}$ $M_{E}$
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3 $p(\xi)$ ( ) ( )
$M_{E}$ $T^{2}$ $dM_{E}(\omega)$ :
$d\xi_{1}d\xi_{2}=dM_{E}(\omega)dE=J(\omega, E)dudE$ . (50)
$\omega$ $M_{E}$ $E\in(0,3)\backslash \{1\}$ $\omega\in M_{E}$ $J(\omega, E)$
$C_{0}(E)=2 \inf_{\xi\in M_{E}}|\nabla p(\xi)|^{2}$ $E\in(0,3)\backslash \{1\}$ $C_{0}(E)>0$
$\epsilon>0$ $\delta>0$ $p^{-1}([E-\delta, E+\delta])$
$2|\nabla p(\xi)|^{2}\geq C_{0}(E)-\epsilon>0$ (51)
:
$i[\tilde{H}_{0}, A]\geq C_{0}(E)-\epsilon$ . (52)
$p(\xi)$ $\xi_{0,1}$ $\xi_{0,2}$ $0$
$\chi\in C^{\infty}(T^{2})$ : $\mu>0$
$\chi(\xi)=\chi_{\mu}(\xi)=\{\begin{array}{l}0, if \xi\in B_{\mu}(\xi_{0,1})\cup B_{\mu}(\xi_{0,2}) ,1, if \xi\not\in B_{2\mu}(\xi_{0,1})\cup B_{2\mu}(\xi_{0,2}) .\end{array}$ (53)
$B_{\mu}(\xi_{0})=\{\xi\in \mathbb{T}^{2};|\xi-\xi 0|<\mu\}$
$A_{\chi}=\chi A\chi$ (54)
Nelson $C^{\infty}(T^{2};\mathbb{C}^{2})$ (Reed-Simon [19],






$E_{H^{-}}(I)i[\tilde{H}, A_{\chi}]E_{H^{-}}(I)\geq(C_{0}(E)-\epsilon)E_{H^{-}}(I)+K$ . (56)
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$I=(E-\delta/2, E+\delta/2)$ $K=K_{I}$
$\tilde{R}(z)=(\tilde{H}-z)^{-1}$ $X$ $Y$ $B(X, Y)$ $X$ $Y$
$X=Y$ $B(X)$ $A_{\chi}$ $\mathcal{H}_{A_{\chi}}^{S}.$ $s\in \mathbb{R}$ ,
$\mathcal{H}_{A_{\chi}}^{s}$ $1+|A_{\chi}|^{s}$ Mourre
:
2.1. $I_{0}=(-3,3)\backslash \{\pm 1,0\}$ :
1. $\tilde{H}$ $\pm 3,$ $\pm 1,0$
2. :
$\mathcal{H}=\mathcal{H}_{pp}(\tilde{H})\oplus \mathcal{H}_{ac}(\tilde{H})$. (57)
3. $s>1/2.$ $\lambda\in I_{0}\backslash \sigma_{pp}(H)$ $B(\mathcal{H}_{A_{\chi}}^{s}, \mathcal{H}_{A_{\chi}}^{-S})$ : $\tilde{R}(\lambda\pm i0)=\lim_{\epsilon\searrow 0}\tilde{R}(\lambda\pm i\epsilon)$
$I_{0}\backslash \sigma_{pp}(\tilde{H})\ni\lambda\mapsto\tilde{R}(\lambda\pm iO)$ $J\subset I_{0}\backslash \sigma_{pp}(H)$
:




$\sup_{\lambda\in J}\Vert\tilde{R}(\lambda\pm i0)\Vert_{B(\mathcal{H}^{s},\mathcal{H}^{-s})}<\infty$ . (59)
2.3




$h(\rho)=\{\begin{array}{ll}h_{1}(\rho) , if \rho\in(0,3)\backslash \{1\},h_{2}(-\rho) , if\rho\in(-3,0)\backslash \{-1\},\end{array}$ (61)
$h_{j}( \rho)=\int_{M_{|\rho|}}f_{j}(\xi(\rho, \omega))\overline{g_{j}(\xi(\rho,l\omega))}dM_{|\rho|}(\omega), j=1,2$ . (62)
$\lambda\in(-3,3)\backslash \{\pm 1,0\}$ :
$( \tilde{R}_{0}(\lambda\pm i0)f,g)_{L^{2}(T^{2};\mathbb{C}^{2})}=\pm i\pi h(\lambda)+p.v.\int_{-\delta}^{\lambda+\delta}\frac{h(\rho)-h(\lambda)}{\rho-\lambda}d\rho+\int_{|\lambda-\rho|}\rho-\lambda$ (63)$\underline{h(\rho)}_{d\rho}.$
$f,$ $g$ (63)
$\frac{1}{2\pi}$ $((\tilde{R}_{0}(\lambda+i0)-$ $0 (\lambda-i0))f, g)_{L^{2}(T^{2}\mathbb{C}^{2})};=h(\lambda)$ (64)
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$I\subset \mathbb{R}$ $\tilde{R}_{0}(z)=(\tilde{H}_{0}-z)^{-1}$ (64)
$\frac{1}{2\pi}((\tilde{R}_{0}(\lambda+i0)-\tilde{R}_{0}(\lambda-i0))f, g)_{L^{2}(T^{2};\mathbb{C}^{2})}=(\tilde{\mathcal{F}}_{0}(\lambda)f,\tilde{\mathcal{F}}_{0}(\lambda)g)_{L^{2}(M_{|\lambda|};\mathbb{C}^{2})}$ (66)
( 2.1) $\tilde{\mathcal{F}}_{0}(\lambda)$ :
$\tilde{\mathcal{F}}_{0}(\lambda)\in B(\mathcal{H}^{S}, L^{2}(M_{|\lambda|};\mathbb{C}^{2})), s>1/2$ . (67)
$\tilde{\mathcal{F}}_{0}(\lambda)(\tilde{H}_{0}-\lambda)=0$ (68)
$\mathcal{U}_{\lambda}^{\dagger}$ $U^{\uparrow}(\lambda, \omega)$ $L^{2}(M_{|\lambda|};\mathbb{C}^{2})$ :
$(\mathcal{U}_{\lambda}^{\dagger}\phi)(\omega)=U^{\dagger}(\lambda, \omega)\phi(\omega), \phi(\omega)=(\begin{array}{l}\phi_{1}(\omega)\phi_{2}(\omega)\end{array})\in L^{2}(M_{|\lambda|;}\mathbb{C}^{2})$ , (69)
$U^{\uparrow}( \lambda, \omega)=\frac{1}{\sqrt{2}}(\begin{array}{ll}1 1|\lambda|^{-1}\overline{\alpha}(\xi(|\lambda|,\omega)) -|\lambda|^{-1}\overline{\alpha}(\xi(|\lambda|,\omega))\end{array})$ , (70)





$\mathcal{F}_{0}(\lambda)\in B(\mathcal{H}^{s}, L^{2}(M_{|\lambda|};\mathbb{C}^{2})), s>1/2$ . (72)
$\mathcal{F}_{0}(\lambda)$ :
$( \mathcal{F}_{0}(\lambda)f)_{1}(\lambda)=\frac{1}{2}fi(\xi(|\lambda|, \omega))+\frac{1}{2}\lambda^{-1}\alpha(\xi(|\lambda|, \omega))f_{2}(\zeta(|\lambda|, \omega))$, (73)
$( \mathcal{F}_{0}(\lambda)f)_{2}(\lambda)=\frac{1}{2}\lambda^{-1}\overline{\alpha}(\xi(|\lambda|,\omega))f_{1}(\xi(|\lambda|, \omega))+\frac{1}{2}f_{2}(\xi(|\lambda|,\omega))$, (74)
$f=(\begin{array}{l}f_{1}f_{2}\end{array})\in \mathcal{H}^{s}, s>1/2$ . (75)
$R_{0}(z)=(H_{0}-z)^{-1}$ $\mathcal{U}_{\lambda}^{\dagger}$ $u$ (64) :
2.1. $f,$ $g\in \mathcal{H}^{S},$ $s>1/2$ .




$\lambda\in(-3,3)\backslash (\{\pm 1,0\}\cup\sigma_{pp}(H))$ $\mathcal{F}^{(\pm)}(\lambda)$ :
$\mathcal{F}^{(\pm)}U(\lambda)=\mathcal{F}_{0}(\lambda)(1-qR(\lambda\pm iO))$ . (78)
$\hat{q}$ $q\in B(\mathcal{H}^{-s}, \mathcal{H}^{s}),$ $s>1/2$ .
$\mathcal{F}^{(\pm)}(\lambda)\in B(\mathcal{H}^{-s}, \mathcal{H}^{s}), s>1/2$ , (79)
$\mathcal{F}^{(\pm)}(\lambda)$ (77)
$\mathcal{F}^{(\pm)}(\lambda)(H-\lambda)=0$ (80)
Theorem 3.3 ([11]) :
2.2. $f,$ $g\in \mathcal{H}^{S},$ $s>1/2$ ,
$\frac{1}{2\pi i}((R(\lambda+i0)-R(\lambda-i0))f, g)_{L^{2}(T^{2};\mathbb{C}^{2})}=(\mathcal{F}^{(\pm)}(\lambda)f, \mathcal{F}^{(\pm)}(\lambda)g)_{L^{2}(M_{|\lambda|;C^{2}})}$ . (81)
$\mathcal{F}_{0}(\lambda)$ $\mathcal{F}_{0}(\lambda)^{*}$ :
$(\mathcal{F}_{0}(\lambda)f, \phi)_{L^{2}(M_{|\lambda|};\mathbb{C}^{2})}=(f, \mathcal{F}_{0}(\lambda)^{*}\phi)_{L^{2}(T^{2};\mathbb{C}^{2})}$ . (82)
$f\in \mathcal{H}^{s},$ $s>1/2,$ $\phi\in L^{2}(M_{|\lambda|;}\mathbb{C}^{2})$
$\ovalbox{\tt\small REJECT}(\lambda)\in B(L^{2}(M_{|\lambda|};\mathbb{C}^{2}), \mathcal{H}^{s}), s>1/2$, (83)
$\mathcal{F}_{0}(\lambda)^{*}$ :
$( \mathcal{F}_{0}(\lambda)^{*}\phi)_{1}(\xi(|\rho|, \omega))=\frac{1}{2}\delta(p(\xi(|\rho|, \omega))-|\lambda|)\phi_{1}(\omega)+\frac{1}{2}\frac{\alpha(\xi(|\rho|,\omega))}{\lambda}\delta(p(\xi(|\rho|, \omega))-|\lambda|)\phi_{2}(\omega)$ , (84)
$( \mathcal{F}_{0}(\lambda)^{*}\phi)_{2}(\xi(|\rho|, \omega))=\frac{1}{2}\frac{\overline{\alpha}(\xi(|\rho|,\omega))}{\lambda}\delta(p(\xi(|\rho|, \omega))-|\lambda|)\phi_{1}(\omega)+\frac{1}{2}\delta(p(\xi(|\rho|, \omega))-|\lambda|)\phi_{2}(\omega)$ , (85)
$\phi(\omega)=(\begin{array}{l}\phi_{1}(\omega)\phi_{2}(\omega)\end{array})\in L^{2}(M_{|\lambda|,\omega})$ . (86)
(77) $\mathcal{F}_{0}(\lambda)^{*}$ $H_{0}$ :
$(H_{0}-\lambda)\mathcal{F}_{0}(\lambda)^{*}=0$ . (87)
$\mathcal{F}^{(\pm)}(\lambda)$ $\mathcal{F}^{(\pm)}(\lambda)^{*}$ (82) $\mathcal{F}^{(\pm)}(\lambda)^{*}$ $H$ :
$(H-\lambda)\mathcal{F}^{(\pm)}(\lambda)^{*}=0$ . (88)




2.2. 1. $\mathcal{F}_{0}$ $L^{2}(T^{2};\mathbb{C}^{2})$ $L^{2}((-3,3);L^{2}(M_{|\lambda|;\mathbb{C}^{2}});d\lambda)$
2. $\mathcal{F}_{0}$ $H_{0}$ :
$(\mathcal{F}_{0}H_{0}f)(\lambda)=\lambda(\mathcal{F}_{0}f)(\lambda)$ . (90)
8 $I\subset(-3,3)\backslash \{\pm 1,0\}$
$\int \mathcal{F}_{0}(\lambda)^{*}g(\lambda)d\lambda\in L^{2}(T^{2};\mathbb{C}^{2}), 9\in L^{2}((-3,3);L^{2}(M_{|\lambda|};\mathbb{C}^{2});d\lambda)$ . (91)
: $f\in L^{2}(T^{2};\mathbb{C}^{2})$
$f= s-\lim$$Narrow\infty l_{N}\mathcal{F}_{0}(\lambda)^{*}(\mathcal{F}_{0}f)(\lambda)d\lambda$ . (92)
$I_{N}$ $(-3,3)\backslash \{\pm 1,0\}$ $I_{N}arrow(-3,3)$
$\mathcal{F}^{(\pm)}$ :
$(\mathcal{F}^{t\pm)}f)(\lambda, \omega)=(\mathcal{F}^{(\pm)}(\lambda)f)(\omega)$ . (93)
[11] Theorem 3.4
2.3 1. $\mathcal{F}^{(\pm)}$ $\mathcal{H}_{ac}(H)$ , $L^{2}((-3,3);L^{2}(M_{|\lambda|;}\mathbb{C}^{2});d\lambda)$
$L^{2}(T^{2};\mathbb{C}^{2})$ $L^{2}((-3,3);L^{2}(M_{|\lambda|;\mathbb{C}^{2}});d\lambda)$
2. $\mathcal{F}^{(\pm)}$ $H$ :
$(\mathcal{F}^{(\pm)}Hf)(\lambda)=\lambda(\mathcal{F}^{(\pm)}f)(\lambda)$ . (94)
3. $I\subset(-3,3)\backslash (\{\pm 1,0\}\cup\sigma_{pp}(H))$
$l\mathcal{F}^{(\pm)}(\lambda)^{*}g(\lambda)d\lambda\in \mathcal{H}_{ac}(H), g\in L^{2}((-3,3);L^{2}(M_{|\lambda|};\mathbb{C}^{2});d\lambda)$ . (95)
: $f\in \mathcal{H}_{ac}(H)$
$f= s-\lim$$Narrow\infty l_{N}\mathcal{F}^{(\pm)}(\lambda)^{*}(\mathcal{F}^{(\pm)}f)(\lambda)d\lambda$ . (96)
$I_{N}$ $(-3,3)\backslash (\{\pm 1,0\}\cup\sigma_{pp}(H))$ $I_{N}arrow(-3,3)$
$\omega\in M_{\lambda}$ $\delta_{\omega}\in \mathcal{D}’(M_{\lambda}),$ $\lambda\in(0,3)\backslash \{1\}$ ,
: $\phi\in C^{\infty}(M_{\lambda})$
$\langle\delta_{\omega}, \phi, \rangle=\phi(\omega)$ . (97)
(84) (85) $\mathcal{F}_{0}(\lambda)^{*}$ $\psi^{(0)}(\xi;\lambda, \theta)=\psi^{(0)}(\xi(|\rho|, \omega);\lambda, \theta)$ :
$\psi^{(0)}(\xi;\lambda, \theta)=\frac{1}{2}(\begin{array}{ll}l \lambda^{-1}\alpha(\xi(|\rho|,\omega))\lambda^{-1}\overline{\alpha}(\xi(|\rho|,\omega)) l\end{array}) \delta(p(\xi(|\rho|, \omega))-|\lambda|)\otimes\delta_{\omega}(\theta)$. (98)
$\omega\in M_{|\rho|},$ $\theta\in M_{|\lambda|}$
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$\psi^{(0)}(\xi;\lambda, \theta)$ $\hat{\psi}^{(0)}(\lambda, \theta)=\{\hat{\psi}^{(0)}(n;\lambda, \theta)\}$ :
$\hat{\psi}^{(0)}(n;\lambda, \theta)=\frac{1}{2}\int_{T^{2}}\psi^{(0)}(\xi;\lambda, \theta)e^{-in\xi}d\xi$ (99)
$= \frac{1}{2}\frac{1}{2\pi}J(|\lambda|, \theta)e^{in\xi(|\lambda|,\theta)}(\begin{array}{ll}1 \lambda^{-1}\alpha(\xi(|\rho|,\omega))\lambda^{-l}\overline{\alpha}(\xi(|\rho|,\omega)) \end{array})$ . (100)
$J(|\lambda|, \theta)$ (50) $\mathbb{T}^{2}$ $\hat{\mathcal{F}}_{0}$ :
$\hat{\mathcal{F}}_{0}=\mathcal{F}_{0}\mathcal{F}$. (101)
$\hat{\mathcal{F}}_{0}$ : $f=(\hat{f}_{1},\hat{f}_{2})\in \mathcal{H}^{s},$ $s>1/2$ ,
$( \hat{\mathcal{F}}_{0}f)_{1}=\frac{1}{2}\frac{1}{2\pi}\sum_{n\in \mathbb{Z}^{2}}e^{in\xi(|\lambda|,\theta)}\hat{f}_{1}(n)+\frac{1}{2}\frac{1}{2\pi}\frac{\alpha(\xi(|\lambda|,\theta))}{\lambda}\sum_{n\in \mathbb{Z}^{2}}e^{in\xi(|\lambda|,\theta)}\hat{f}_{2}(n)$ , (102)
$( \hat{\mathcal{F}}_{0}\hat{f})_{2}=\frac{1}{2}\frac{1}{2\pi}\frac{\overline{}\alpha(\xi(|\lambda|,\theta))}{\lambda}\sum_{n\in \mathbb{Z}^{2}}e^{in\xi(|\lambda|,\theta)}\hat{f}_{1}(n)+\frac{1}{2}\frac{1}{2\pi}\sum_{n\in \mathbb{Z}^{2}}e^{in\xi(|\lambda|,\theta)}\hat{f}_{2}(n)$. (103)
$\hat{\mathcal{F}}_{0}^{*}$ : $\phi=(\phi_{1}, \phi_{2})\in L^{2}(M_{|\lambda|;\mathbb{C}^{2}})$
















2. $I\subset(-3,3)\backslash (\{\pm 1,0\}\cup\sigma_{pp}(H))$
$\int_{I}\hat{\mathcal{F}}^{(\pm)}(\lambda)^{*}g(\lambda)d\lambda\in \mathcal{H}_{ac}(\hat{H}), g\in L^{2}((-3,3);L^{2}(M_{|\lambda|};\mathbb{C}^{2});d\lambda)$. (110)
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: $f\in \mathcal{H}_{ac}(H)$
$i= s-\lim_{Narrow\infty}l_{N}\hat{\mathcal{F}}^{(\pm)}(\lambda)^{*}(\hat{\mathcal{F}}^{(\pm)}f)(\lambda)d\lambda$ . (111)
$I_{N}$ $(-3,3)\backslash (\{\pm 1,0\}\cup\sigma_{pp}(H))$ $I_{N}arrow(-3,3)$
3. $\hat{\mathcal{F}}^{(\pm)}(\lambda)^{*}\in B(L^{2}(M_{|\lambda|;C^{2}}),\hat{\mathcal{H}}^{-s})$ , $s>1/2$ , $\hat{H}$ : $\phi\in L^{2}(M_{|\lambda|};\mathbb{C}^{2})$
$(\hat{H}-\lambda)\hat{\mathcal{F}}^{(\pm)}(\lambda)^{*}\phi=0$. (112)
2.4
$\hat{W}\pm$ , $\hat{S}$ 1 (5), (6)
$S$ $S=\hat{\mathcal{F}}_{0}\hat{S}\hat{\mathcal{F}}_{0}^{*}$ $\hat{S}$ Ho $\hat{\mathcal{F}}_{0}$ $H_{0}$ $S$
$L^{2}((-3,3);L^{2}(M_{|\lambda|;} \mathbb{C}^{2});d\lambda)=\int_{-3}^{3}\oplus L^{2}(M_{|\lambda|;}\mathbb{C}^{2})d\lambda$ $S$ $S(\lambda)$ ( (8)).
(9) $A(\lambda)$ $L^{2}(M_{|\lambda|};\mathbb{C}^{)} A(\lambda, \theta, \theta’)$
:
$A(\lambda, \theta, \theta’)=(\begin{array}{llllll}A_{11}(\lambda \theta \theta’) A_{12}(\lambda \theta \theta’)A_{21}(\lambda,\theta,\theta,) A_{22}(\lambda,\theta,\theta,) \end{array})$ . (113)
$A(\lambda)$ (Kato, Kuroda [13]. Kuroda [15, 16]) :
$A(\lambda)=\hat{\mathcal{F}}_{0}\hat{q}\hat{\mathcal{F}}_{0}^{*}-\hat{\mathcal{F}}_{0}\hat{q}\hat{R}(\lambda+i0)\hat{q}\hat{\mathcal{F}}_{0}^{*}$ . (114)
(114) $A_{jj}(\lambda, \theta, \theta’),$ $i=1,2$ , :
$A_{11}(\lambda, \theta, \theta’)$
$= \frac{1}{4}\frac{1}{(2\pi)^{2}}J(|\lambda|, \theta)J(|\lambda|, \theta’)\sum_{n\in Z^{2}}e^{in(\xi(|\lambda|,\theta)-\xi(|\lambda|,\theta’))}$
. $( \hat{q}_{1}(n)+\frac{\alpha(\xi(|\lambda|,\theta))\overline{\alpha}(\xi(|\lambda|,\theta’))}{\lambda\lambda}\hat{q}_{2}(n))$
(115)
$+ \frac{1}{2}\frac{1}{2\pi}J(|\lambda|, \theta)(\sum_{n\in Z^{2}}e^{in\xi(|\lambda|,\theta)}\hat{q}_{1}(n)(\hat{R}(\lambda+i0)\hat{q}\hat{\psi}^{(0)}(\lambda, \theta’))_{11}(n)$
$+ \frac{\alpha(\xi(|\lambda|,\theta))}{\lambda}\sum_{n\in Z^{2}}e^{in\xi(|\lambda|,\theta)}\hat{q}_{2}(n)(\hat{R}(\lambda+i0)\hat{q}\hat{\psi}^{(0)}(\lambda, \theta’))_{21}(n))$,
$A_{22}(\lambda, \theta, \theta’)$
$= \frac{1}{4}\frac{1}{(2\pi)^{2}}J(|\lambda|, \theta)J(|\lambda|, \theta’)\sum_{n\in Z^{2}}e^{in(\xi(|\lambda|,\theta)-\xi(|\lambda|,\theta’))}$
$( \frac{\overline{\alpha}(\xi(|\lambda|,\theta))\alpha(\xi(|\lambda|,\theta’))}{\lambda\lambda}\hat{q}_{1}(n)+\hat{q}_{2}(n))$
(116)
$+ \frac{1}{2}\frac{1}{2\pi}J(|\lambda|, \theta)(\frac{\overline{}\alpha(\xi(|\lambda|,\theta))}{\lambda}\sum_{n\in Z^{2}}e^{in\xi(|\lambda|,\theta)}\hat{q}_{1}(n)(\hat{R}(\lambda+i0)\hat{q}\hat{\psi}^{(0)}(\lambda, \theta’))_{12}(n)$
$+ \sum_{n\in Z^{2}}e^{in\xi(|\lambda|,\theta)}\hat{q}_{2}(n)(\hat{R}(\lambda+i0)\hat{q}\hat{\psi}^{(0)}(\lambda, \theta’))_{22}(n))$ .





$B(k, \theta, \theta’)=4(2\pi)^{2}(J(k, \theta)J(k, \theta’))^{-1}A(k, \theta, \theta’)$
$=(\begin{array}{lll}B_{11}(k,\theta \theta’) B_{12}(k,\theta,\theta’)B_{21}(k,\theta,\theta,) B_{22}(k,\theta,\theta,)\end{array})$ .
(117)
$\lambda=\sqrt{8k^{2}+1}$ $J(k, \theta)$ (50)
(A) $M\geq 0,$ $M\in \mathbb{Z}$ ,
$|n|_{l^{1}}=|n_{1}|+|n_{2}|>M\Rightarrow\hat{q}_{j}(n)=0, j=1,2$ , (118)
$n^{(M)}\in \mathbb{Z}^{2}$ :
$n^{(M)}=(0, M)$ . (119)
$B(k, \theta, \theta’)$ $k$ $\mathbb{C}_{+}=\{z\in \mathbb{C};\Im z>0\}$
$B(z, \theta, \theta’),$ $z\in \mathbb{C}_{+}$ , $z=1+iN$ $Narrow\infty$ $B(1+iN, \theta, \theta’)$
$\hat{q}j(n),$ $n\in \mathbb{Z}^{2},$ $j=1,2$. :
1. $B_{22}(1+iN, \theta, \theta’)$ $\hat{q}_{2}(n^{(M)})$
2. $\hat{q}_{2}(n^{(M)})$ $B_{11}(1+iN, \theta, \theta’)$
$\hat{q}_{1}(n^{(M)})$
3. $\hat{q}_{j}(n),$ $n_{2}\geq p+1.$ $i=1,2$, $(-M\leq p\leq M-1)$ .
$B_{22}(1+iN, \theta, \theta’)$ $\hat{q}_{2}(n),$ $n_{2}=p$,
4. $\hat{q}_{1}(n)$ . $n_{2}\geq p+1$ . $\hat{q}_{2}(n)$ . $n_{2}\geq p$ , $B_{11}(1+iN, \theta, \theta’)$











$\theta=(\theta_{1}, \theta_{2}, \cdots, \theta_{d})\in S^{d-1}$ :
$\xi_{j}=2$ arcsin $(\sqrt{\lambda}\theta_{j}),$ $j=1,2,$ $\cdots$ , $d$ . (125)







$a( \theta)=\sqrt{2-e^{2\theta}}, b(\theta)=\frac{2\sinh\theta}{\sqrt{2-e^{2\theta}}}$ . (130)
3.1. $0< \theta<\min\{\frac{1}{2}$ log2, – $\log|k|\}$ $\xi_{j}(k, \theta)$ $\zeta j(z, \theta)$ ,
$j=1,2$ , :
1. $\zeta j(z, \theta),$ $j=1,2$, $z$ $\mathbb{C}_{+}=\{z\in \mathbb{C};\Im z>0\}$
2. $k\in(-1,0)\cup(0,1)$ $\zeta_{j}(k+iO, \theta)=\xi_{j}(k, \theta)$ .
$3.0<\xi_{j}<\pi,$ $i=1,2$, $m_{1},$ $m_{2}\in \mathbb{Z}$
$\Re\zeta_{1}(1+iN, \theta)=2m_{1}\pi+\mathcal{O}(N^{-3})$, (131)
$\Im\zeta_{1}(1+iN, \theta)=2\log(b+\sqrt{b^{2}+1})+\mathcal{O}(N^{-2})$ , (132)
$\Re\zeta_{2}(1+iN, \theta)=(2m_{2}+1)\pi+\mathcal{O}(N^{-1})$ , (133)
$\Im\zeta_{2}(1+iN, \theta)=2\log N+\log(4a^{2})+\mathcal{O}(N^{-2})$ . (134)
3.1 [2] Lemma 4.1.
3.2. $-\pi<\xi_{j}<0.$ $j=1,2$ , 3.1 3 :
$(y-\pi<\xi j<0,$ $j=1,2$, $m_{3},$ $m_{4}\in \mathbb{Z}$
$\Re\zeta_{1}(1+iN, \theta)=2m_{3}\pi+\mathcal{O}(N^{-3})$, (135)
$\Im\zeta_{1}(1+iN, \theta)=-2\log(b+\sqrt{b^{2}+1})+\mathcal{O}(N^{-2})$ , (136)
$\Re\zeta_{2}(1+iN, \theta)=(2m_{4}+1)\pi+\mathcal{O}(N^{-1})$ , (137)
$\Im\zeta_{2}(1+iN, \theta)=-2\log N-\log(4a^{2})+\mathcal{O}(N^{-2})$ . (138)
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3.1 3
$\{(\xi_{1}(k, \theta), \xi_{2}(k, \theta))\in \mathbb{T}^{2};0<k<1,0<\theta<\min\{\frac{1}{2}\log 2, -\log k\}\}$ (139)
$\{(\xi_{1}, \xi_{2})\in \mathbb{T}^{2};0\leq\xi_{1}\leq\pi, \xi_{2}=0\}, (\xi_{1}, \xi_{2})\in \mathbb{T}^{2};\xi_{1}=\xi_{2},0\leq\xi_{1}\leq\pi/3$, (140)
{ $(\xi_{1}, \xi_{2})\in T^{2};\xi_{1}=2$ arcsin $\phi_{+}(t),$ $\xi_{2}=2$ arcsin $\phi_{-}(t),$ $\phi\pm=\frac{1}{2}(1\pm\sqrt{1-2t^{2}}),$ $0\leq t\leq 1/\sqrt{2}$ }, (141)




$H_{0}$ $R_{0}(z)=(H_{0}-z)^{-1}$ $T^{2}$ $R_{0}(z, \xi)$
:
$R_{0}(z, \xi)=\frac{1}{z^{2}-r(\xi)}(\begin{array}{ll}-z -\alpha(\xi)-\overline{\alpha}(\xi) -z\end{array})$ . (142)
$r(\xi)=|\alpha(\xi)|^{2}$ (143)
$\hat{r}0(z)=(\hat{r}0(z, n))_{n\in \mathbb{Z}^{2}}$ $R_{0}(z, \xi)$
$\hat{r}_{0}(z, n)=\frac{1}{2\pi}\int_{T^{2}}R_{0}(z, \xi)e^{-in\xi}d\xi=(\begin{array}{ll}\hat{r}_{0,11}(z,n) \hat{r}_{0,12}(z,n)\hat{r}_{0,21}(z,n) \hat{r}_{0,22}(z,n)\end{array})$ (144)
$\hat{H}_{0}$ $\hat{R}_{0}(z)=(\hat{H}_{0}-z)^{-1}$ $\hat{r}_{0}(z)$ :
$(\hat{R}_{0}f)(n)=(\begin{array}{ll}\Sigma\hat{r}_{0,11}(z,n-m)\hat{f}_{1}(m) \Sigma\hat{r}_{0,12}(z,n-m)\hat{f}_{2}(m)\sum_{m\in \mathbb{Z}^{2}}^{m\in \mathbb{Z}^{2}}\hat{r}_{0,21}(z,n-m)\hat{f}_{1}(m) \sum_{m\in \mathbb{Z}^{2}}^{m\in \mathbb{Z}^{2}}\hat{r}_{0,22}(z,n-m)\hat{f}_{2}(m)\end{array}),$ $f=\in l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ . (145)
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$|z|$ $\hat{r}_{0,ij}(z, n),$ $i,j=1,2$, $z$ $:(i, j)=(1,2)$
$(2, 1)$
$\hat{r}_{0,jj}(z, n)=\sum_{s=0}^{\infty}z^{-2\epsilon-1}\hat{r}_{0,s,jj}(n)$ , (146)
$\hat{r}_{0,ij}(z, n)=\sum_{s=0}^{\infty}z^{-2\epsilon-2}\hat{r}_{0,s,ij}(n)$. (147)
$\hat{r}_{0,s,ij}.$ $i,$ $j=1,2$, :
$\hat{r}_{0,s,11}(n)=\hat{r}_{0,s,22}(n)=-\frac{1}{2\pi}\int_{T^{2}}r(\xi)^{s}e^{-in\xi}d\xi$ , (148)
$\hat{r}_{0,s.12}(n)=-\frac{1}{2\pi}\int_{1^{\prime 2}}r(\xi)^{s}\alpha(\xi)e^{-in\xi}d\xi,\hat{r}_{0,\epsilon,21}(n)=\overline{\hat{r}_{0,\epsilon,12}(n)}$ . (149)
$d_{ij}(n),$ $n=(n_{1}, n_{2})\in \mathbb{Z}^{2},$ $i,j=1,2$,
:
$d(n)=d_{11}(n)=d_{22}(n)=\{\begin{array}{ll}|n_{1}|+|n_{2}|, if n_{1}\cdot n_{2}\geq 0,\max\{|n_{1}|, |n_{2}|\}, if n_{1}\cdot n_{2}\leq 0,\end{array}$ (150)
$d_{12}(n)=d_{21}(-n)=\{\begin{array}{ll}|n_{1}|+|n_{2}|-1, if n_{1}>0, n_{2}>0,\max\{|n_{1}|-1, |n_{2}|\}, if n_{1}>0, n_{2}\leq 0,|n_{1}|+|n_{2}|, if n_{1}\leq 0, n_{2}\leq 0,\max\{|n_{1}|, |n_{2}|-1\}, if n_{1}\leq 0, n_{2}>0.\end{array}$ (151)
$d_{ij}(n)=s$ 5 $r(\xi)^{s},$ $r(\xi)^{\epsilon}\alpha(\xi)$ , $r(\xi)^{s}\overline{\alpha}(\xi)$
5 $d(n)=s,$ $d_{12}(n)=s.$ $d_{21}(n)=s$
3.3. ([11]) $T^{d}$
$\frac{1}{2}(d-\sum_{j=1}^{d}\cos\xi_{j})=\frac{1}{2}(d-\frac{1}{2}\sum_{j=1}^{d}(e^{in_{j}\xi_{j}}+e^{-in_{f}\xi_{j}}))$ (152)
(152) $\mathbb{Z}^{d}$ $l^{1_{-/}}$ :
$\Vert n\Vert_{l^{1}}=\sum_{j=1}^{d}|n_{j}|$ . (153)
$d_{ij}(n)$ :
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3.3. $n=(n_{1}, n_{2})\in \mathbb{Z}^{2}$
$d(n)-1\leq d_{ij}(n)\leq d(n)$ . (156)
$l,$ $m,$ $n\in \mathbb{Z}^{2}$
3.4. $d(n)$ $\mathbb{Z}^{2}$ :
$d(m-n)\leq d(m-l)+d(l-n)$ . (157)
3.4
3.5. :
$d_{ij}(m-n)\leq d_{ii}(m-l)+d_{ij}(l-n)$ , (158)
$d_{ij}(m-n)\leq d_{ij}(m-l)+d_{jj}(l-n)$ . (159)
$i,$ $j\in\{1,2\}$
3.6. :
$d_{ii}(m-n)\leq d_{ij}(m-l)+d_{ji}(l-n)+1$ . (160)
$i,$ $j\in\{1,2\}$
$s$
3.7. $s\in \mathbb{Z},$ $s\geq 0$ ,
$d_{ij}(n)>s\Rightarrow\hat{r}_{0,s,ij}(n)=0$ . (161)
$i,$ $j\in\{1,2\}$
$\hat{P}(n)$ $n\in \mathbb{Z}^{2}$ 3.7
3.8. $f\in l^{2}(\mathbb{Z}^{2};\mathbb{C}^{2})$ $|z|$
$\hat{R}_{0}(z)f=(_{\sum_{s=0}z^{-2s-2}\hat{R}_{0,s,21}\hat{f}_{1}+\sum_{S=0}z^{-2s-1}\hat{R}_{0,s,22}\hat{f}_{2}}^{\sum^{\infty}z^{-2s-1}\hat{R}_{0,s,11}\hat{f}_{1}+\sum_{s=0}^{\infty}z^{-2s-2}\hat{R}_{0,s_{\rangle}12}\hat{f}_{2}}S=\infty 0\infty), i=(_{\hat{f}_{2}}^{\hat{f}_{1}})$ . (162)
$\hat{R}_{0,s,ij}\in B(l^{2}(\mathbb{Z}^{2}))$ : $d_{ij}(n)>s$








3.4, 3.5, 3.6 \’i2] Lemma 5.11.
3.4
(117) $B(k, \theta, \theta’)$ $\mathbb{C}_{+}$ (114)
$B(k, \theta, \theta’)$ :
$B(k, \theta, \theta’)=B_{0}(k, \theta, \theta’)-B_{1}(k, \theta, \theta’)$ . (166)
$B_{1}(k, \theta, \theta’)$ $B_{0}(k, \theta, \theta’)$ :
$B_{j}(k, \theta, \theta’)=(_{B_{j,21}(k,\theta,\theta)}^{B_{j,11}(k,\theta,\theta’)} B_{j,22}(k,\theta,\theta’)B_{j,12}(k,\theta,\theta’)), j=1,2$. (167)
3.1 3.2 $\xi j(k, \theta)$ $\xi_{j}(k, \theta’)$ . $i=1,2$ . $-\pi<\xi_{j}(k, \theta)<0$,
$0<\xi_{j}(k, \theta’)$ $B_{j}(k, \theta, \theta’)$ $k$ $\mathbb{C}_{+}$
$a_{1}(\theta)$ $b_{1}(\theta)$ :
$a_{1}( \theta)=4(2-e^{2\theta}), b_{1}(\theta)=\frac{e^{2\theta}}{2-e^{2\theta}}$ . (168)
$z=1+iN,$ $Narrow\infty$ , 3.9 3.2, 3.3, 3.4, 3.5, 3.6,
3.1 $B_{22}(z, \theta, \theta’)$ :
$B_{0,22}(z, \theta, \theta’)\sim N^{4M}(a_{1}(\theta)a_{1}(\theta’))^{M}\hat{q}_{2}(n^{(M)})$, (169)
$B_{1,22}(z, \theta, \theta’)\sim \mathcal{O}(N^{4M-1})$ . (170)
$M$ (118) (169) $\hat{q}_{2}(n^{(M)})$
$B_{11}(z, \theta, \theta’)$ :





$B_{1,11}\sim$ ( $\hat{q}_{2}(n^{(M)})$ ) $+\mathcal{O}$(N$4M$ -1). (172)
$\hat{q}_{2}(n^{(M)})$ (171) $\hat{q}_{1}(n^{(M)})$
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$\hat{q}j(n),$ $n_{2}\geq p+1,$ $j=1,2$, $B_{22}(z, \theta, \theta’)$
:




$B_{1,22}\sim$ ( $\hat{q}j(n),$ $n_{2}\geq p+1,$ $j=1,2$ , ) $+\mathcal{O}$(N$4M$ -1) (174)
$\theta$ $\theta’$
$b_{1}(\theta)b_{1}(\theta’)$
(173) $\hat{q}_{2}(n)$ . $n_{2}=p$ .
$B_{11}(z, \theta, \theta’)$ :





$B_{1,11}(z, \theta, \theta’)\sim$ ( $\hat{q}_{2}(n),$ $n_{2}\geq p$ , $\hat{q}_{1}(n),$ $n_{2}\geq p+1$ , ) $+\mathcal{O}$(N$4M$ -1).
(176)
(175) $\hat{q}_{1}(n),$ $n_{2}=p$ ,
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